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It has been well established that a few ppmw sulfur impurity may segregate to the interface of 
thermally grown alumina scales and the underlying substrate, resulting in bond degradation and 
premature spallation. This has been shown for NiAl and NiCrAl-based alloys, bare single crystal 
superalloys, or coated superalloys. The role of reactive elements (especially Y) has been to getter the 
sulfur in the bulk and preclude interfacial segregation. Pt additions are also very beneficial, however a 
similar thermodynamic explanation does not apply. 

The purpose of the present discussion is to highlight some observations of these effects on Rene' 142, 
Rene'N5, PWA1480, and PWA1484. For PWA1480, we have mapped cyclic oxidation and spallation 
in terms of potential sulfur interfacial layers and found that a cumulative amount of about one 
monolayer is sufficient to degrade long term adhesion. Depending on substrate thickness, optimum 
performance occurs if sulfur is reduced below about 0.2-0. 5 ppmw. This is accomplished in the 
laboratory by hydrogen annealing or commercially by melt-fluxing. 

Excellent 1150°C cyclic oxidation is thus demonstrated for desulfurized Rene' 142, Rene'N5, and 
PWA1484. Alternatively, a series of N5 alloys provided by GE-AE have shown that as little as 15 
ppmw of Y dopant was effective in providing remarkable scale adhesion. In support of a Y-S gettering 
mechanism, hydrogen annealing was unable to desulfurize these alloys from their initial level of 5 
ppmw S. This impurity and critical doping level corresponds closely to YS or Y 2 S 3 stoichiometry. 

In many cases, Y-doped alloys or alloys with marginal sulfur levels exhibit an oxidative sensitivity to 
the ambient humidity called Moisture -Induced Delayed Spallation (MIDS). After substantial scale 
growth, coupled with damage from repeated cycling, cold samples may spall after a period of time, 
breathing on them, or immersing them in water. While stress corrosion arguments may apply, we 
propose that the underlying cause is related to a hydrogen embrittlement reaction: Al a n oy + 3 H 2 0 = 
Al(OH ) 3 + 3H + + 3e . This mechanism is derived from an analogous moisture-induced hydrogen 
embrittlement mechanism originally shown for Ni 3 Al and FeAl intermetallics. Consequently, a 
cathodic hydrogen charging technique was used to demonstrate that electrolytic de-scaling occurs for 
these otherwise adherent alumina scales formed on Y-doped Rene'N5, in support of hydrogen effects. 

Finally, some TBC observations are discussed in light of all of the above. Plasma sprayed 8 YSZ 
coatings, produced on PWA1484 without a bond coat, were found to survive more than 1000 1-hr 
cycles at 1 100°C when desulfurized to below 0.1 ppmw. At higher sulfur (1.2 ppmw) levels, moisture 
sensitivity and delayed TBC failure, referred to as ‘Desk Top Spallation,’ occurred at just 200 hr. 
Despite a large degree of scatter, a factor of 5 in life improvement is indicated for desulfurized samples 
in cyclic furnace tests, confirming the beneficial effect of low sulfur alloys on model TBC systems. 
(DTS and moisture effects are also observed on commercially applied PVD 7YSZ coatings on 
Rene'N5+Y with Pt-aluminide bond coats). These types of catastrophic failure were subverted on the 
model system by segmenting the substrate into a network of 0 . 010 ” high ribs, spaced % in. apart, prior 
to plasma spraying. No failures occurred after 1000 cycles at 1 150°C or after 2000 cycles at 1 100°C, 
even after water immersion. The benefit is described in terms of elasticity models and a critical 
buckling stress. 
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Predicted Cyclic Oxidation Weight Change 

Ni-(6Co-6AI-6Cr-6Ta)-(1 Ti-1 Nb-1 Mo-1 W)-(0.2Hf-0. 1 C) 



CD 

< 


03 

c 

o 

■ 4 — ' 

03 


weight % alloying element 


Diffusion Controlled Desulfurization 



o 


=3 

03 

c 

o 

i_ 

CD 

< 


03 

£= 

O 

■ 4 — ' 

03 



www.nasa.gov 




National Aeronautics and Space Administration 



100 200 300 400 500 

oxidation time, 1-hr cycles 


Oxide Adherence Map for Desulfurized PWA1 480 

1 1 00 C, 1 -hr Cycles, 500 Hours 



> 

o 

q> 

CO 

C/5 

CO 

£Z 

5 

5 

5 


o 

o 

o 

o 

LO 

T— 

CO 

1 

CO 

CM 

T— 

J 

J 

-L 

-L 

-L 



V 

o 

CM 

1 

o 

T— 

1 

LO 

1 

T 

+ 

n 

□ 

□ 

□ 

□ 

□ 



V i . 

O 

Miudd <s o ‘iu9;uoo jnj|ng 


C/D 

o 

-t— 1 

=3 

03 

c 

o 

s_ 

0 

< 

"o3 

C 

o 

03 


Sample thickness, mm 


National Aeronautics and Space Administration 


& 



www.nasa.gov 12 


National Aeronautics and Space Administration 




<\] O OJ CD 00 O 


O 

O 

O 

CXI 


o 

o 

LO 


o 

o 

o 


o 

o 

LO 


o 


c n 

0 ) 

o 

o 


www.nasa.gov 13 


Improved 1 100°C Cyclic Oxidation 

Rene'N4 to N5±Y, N6 
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Exceptional 150°C Cyclic Oxidation: 

PWA 1484 and Rene'N5 
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2003, Rene N5 (Maris-Sida, Meier, Pettit, Pitt): 

spallation in high P H20 air for high sulfur alloy 
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Water Immersion Produces Scale Spallation to Bare Metal 

Higher S (1.2 ppmw S) PWA 1484, 1 100°C Cyclic Oxidation 
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Effect of Sulfur Content on Cyclic Oxidation 

PWA1484 at 11 00° C 
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Overnight Interfacial TBC Failure 
Hi S 1484; NBC, 1 100°C, 200 hours 
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Segmented TBC Prevents Failure 

U.S. Patent 6,316,078; Nov. 13, 2001 
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Segmented TBC Prevents Failure 

U.S. Patent 6,316,078; Nov. 13, 2001 
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Moisture-Induced Delayed Failure 

EB-PVD RE-YSZ, Ni(Pt)AI, Rene N5, 1150°C, 300 cycles 
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Schematic of Deterministic Interfacial Spalling Model 

A) cycle number, (j) , less than number of area segments, (n 0 ) 
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